Surgical and endovascular treatment for ruptured anterior circulation cerebral aneurysms: A comparison of outcomes – A single centre study from Taiwan  by Liao, Chen-Chieh et al.
at SciVerse ScienceDirect
International Journal of Surgery 11 (2013) 998e1001
ORIGINAL RESEARCHContents lists availableInternational Journal of Surgery
journal homepage: www.journal-surgery.netOriginal researchSurgical and endovascular treatment for ruptured anterior circulation
cerebral aneurysms: A comparison of outcomes e A single centre
study from Taiwan
Chen-Chieh Liao, Yu-Hua Huang, Peng-Hsiang Fang, Tao-Chen Lee*
Department of Neurosurgery, Kaohsiung Chang Gung Memorial Hospital and Chang Gung University College of Medicine, Kaohsiung, Taiwana r t i c l e i n f o
Article history:
Received 8 March 2013
Received in revised form
30 April 2013
Accepted 31 May 2013
Available online 13 June 2013
Keywords:
Subarachnoid hemorrhage
Intracranial aneurysm
Clipping
Coiling
Outcome* Corresponding author. Department of Neurosurg
Memorial Hospital, 123 Ta Pei Road, Niao Sung Dist
Tel.: þ886 7 7317123x8011; fax: þ886 7 7354309.
E-mail addresses: ccliao@adm.cgmh.org.tw (C
yahoo.com.tw (Y.-H. Huang), doctorcombine@yahoo.c
gmail.com (T.-C. Lee).
1743-9191/$ e see front matter  2013 Surgical Asso
http://dx.doi.org/10.1016/j.ijsu.2013.05.038a b s t r a c t
The purpose of this 2-year retrospective study is to compare the outcomes of patients with either surgical
clipping or endovascular coiling treatment for ruptured anterior circulation cerebral aneurysms. We
enrolled 100 patients with spontaneous subarachnoid hemorrhage resulting from ruptured anterior cir-
culation cerebral aneurysms. We reviewed the demographic information, operative details, and image
examinations including computed tomography (CT), digital subtraction angiography, and magnetic
resonance imaging of brains. The patients were subdivided into two groups on the basis of treatment
modalities: surgical clipping (N¼ 44) or endovascular coiling (N¼ 56). The modiﬁed Rankin’s scale (mRS)
was used as an outcomemeasures. Unfavorable outcomewas deﬁned by amRS score of 1e3. Themean age
of 100 patients, comprising 35 men and 65 women, was 57.48  12.68 years. The follow-up period was
18.91  13.05 months in average. The differences between the clipping and coiling groups in terms of
admission Glasgow Coma Scale, Hunt and Hess grade, World Federation of Neurosurgical Societies grade,
and Fisher’s grade by CT scans were not statistically signiﬁcant. There was no intergroup difference in
the following results: symptomatic or radiographic vasospasm, post-treat rebleeding, and recurrence of
aneurysms. Although the incidences of unfavorable outcome at the end of follow-up were 32.0% and 27.0%
in the clipping and coiling group respectively, it revealed no signiﬁcant difference (p ¼ 0.202). In dealing
with the patients with ruptured anterior circulation cerebral aneurysms, our results provide helpful
information when discussing projected outcome before surgical or endovascular treatment.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Acutely-ruptured cerebral aneurysms are a devastating disease
because of the high morbidity and mortality rates. The 30-day
death rate among all patients who suffered subarachnoid hemor-
rhage (SAH) was up to 45%, with the majority of deaths occurring in
the ﬁrst days after hemorrhage.1 At present time, there is signiﬁcant
progression in dealing with acutely-ruptured aneurysms, especially
using the endovascular modality. In the recent literature, the
endovascular treatment seems to have more beneﬁt in selected
patient groups, and is becoming as a favorable option.2,3 Several
studies conclude that endovascular treatment for ruptured cerebralery, Kaohsiung Chang Gung
rict, Kaohsiung City, Taiwan.
.-C. Liao), newlupin2001@
om.tw (P.-H. Fang), jukusei@
ciates Ltd. Published by Elsevier Ltaneurysms have better functional outcomes.4e6 Historically, the
surgical clipping is a standard procedure for anterior circulation
cerebral aneurysms. Whether the role of surgery had been replaced
by the endovascular modality remains uncertain. Moreover there is
wide variability among cerebrovascular centers in the proportional
use of these 2 methods for the treatment of ruptured aneurysms.
Therapeutic outcomes may vary with respect to the available
methods, and evaluation of clinical results should be individualized
in each medical institute.
Consequently, in this study, we retrospectively collected clinical
details and compared the outcomes between patients undergoing
surgical clipping and endovascular coiling for acutely-ruptured
anterior circulation aneurysms at our institute.2. Materials and methods
From January 2008 to December 2009, 182 patients were diagnosed as spon-
taneous SAH resulting from ruptured cerebral aneurysms at Kaohsiung Chang Gung
Memorial Hospital, a medical center in southern Taiwan. We included patients with
anterior circulation cerebral aneurysms only, and exclude patients withoutd. All rights reserved.
Table 1
Comparisons of clinical characteristics of patients undergoing clipping or coiling
treatment.
Total cases Clipping Coiling P value
N ¼ 100 N ¼ 44 N ¼ 56
Mean age (year) 57.48  12.68 56.93  13.75 57.91  11.89 0.704
Gender 0.642
Male 35 (35%) 17 (39%) 18 (32%)
Female 65 (65%) 27 (61%) 38 (68%)
Medical history
Hypertension 45 (45%) 15 (34%) 30 (54%) 0.082
Diabetes mellitus 4 (4%) 2 (5%) 2 (4%) 1
Stroke 1 (1%) 0 (0%) 1 (2%) 1
Presenting symptoms
Headache 81 (81%) 36 (82%) 45 (80%) 1
Nausea/vomiting 20 (20%) 5 (11%) 15 (27%) 0.097
Neck rigidity 14 (14%) 10 (23%) 4 (7%) 0.052
Consciousness
change
51 (51%) 21 (48%) 30 (54%) 0.705
Seizure 2 (2%) 1 (2%) 1 (2%) 1
GCS at admission 0.843
3-5 9 (9%) 5 (11%) 4 (7%)
6-8 15 (15%) 7 (16%) 8 (14%)
9-15 76 (76%) 32 (73%) 44 (79%)
Hunt and Hess grade 0.661
1 23 (23%) 10 (23%) 13 (23%)
2 42 (42%) 18 (41%) 24 (43%)
3 22 (22%) 8 (18%) 14 (25%)
4 9 (9%) 6 (14%) 3 (5%)
5 4 (4%) 2 (5%) 2 (4%)
WFNS grade 0.856
1 47 (47%) 22 (50%) 25 (45%)
2 18 (18%) 6 (14%) 12 (21%)
3 1 (1%) 1 (2%) 0 (0%)
4 22 (22%) 9 (20%) 13 (23%)
5 12 (12%) 6 (14%) 6 (11%)
Features of CT
Subarachnoid
hemorrhage
93 (93%) 39 (89%) 54 (96%) 0.235
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analysis. The patients’ charts were retrospectively reviewed after approval by the
Institutional Review Board of our hospital. The characteristics of the patients were
documented, including age, gender, Glasgow coma scale (GCS) score, Hunt and Hess
grade, World Federation of Neurosurgical Societies (WFNS) grading scale, Fisher’s
grade by computed tomography (CT) scans.
All patients were initially admitted to the intensive care unit. The diagnosis of
cerebral aneurysms was conﬁrmed by digital subtraction angiography (DSA) or
computed tomography angiography (CTA). The treatment modalities included sur-
gical clipping or endovascular coiling of cerebral aneurysms. Suggestions regarding
aneurysm treatment modality were made by a combined neurovascular team based
on a combination of factors including aneurysm location, size and shape, patient age,
and presence or absence of mass effect from hematoma. The patient or family made
the ultimate decision for the option of treatment.
The diagnosis of symptomatic vasospasm was made on the basis of clinical
judgment using the following criteria: (1) new or worsening of neurological deﬁcit
occurring between Days 4 and 14 after SAH, (2) no other identiﬁable cause for
neurological worsening (such as hydrocephalus, bleeding, seizure, or metabolic
disturbance. DSA, CTA, or magnetic resonance angiography for diagnosis of vaso-
spasm was performed in selected patients. When there was clinical suspicion or
imaging evidence for vasospasm, hypertensive hypervolemic therapywas instituted.
Vasospasm management was uniform and did not differ according to the aneurysm
treatment modality.
In patients who had endovascular coiling, follow-up studies consisting of skull
x-ray ﬁlms and either a magnetic resonance angiogram (MRA) or a DSA were ob-
tained at 3-month, 6-month, and 1-year intervals. Skull x-ray ﬁlms can show the
status of coils, such as compaction or migration, that is not presented by MRA.
Angiographic follow-up after surgical clipping may be not mandatory if complete
aneurysm obliteration was conﬁrmed visually during operation. Recurrence of
treated aneurysms was deﬁned as reappearance or progression of aneurysm
remnant that was identiﬁed angiographically.
Neurological outcome was assessed using modiﬁed Rankin’s scale (mRS), and
documented frommedical charts by reviewing the discharge and last clinical record
made by a physician or physical therapist. For use as the dichotomous variables,
unfavorable and favorable outcomes were deﬁned by mRS of 1e3 and 4e5,
respectively.
Separate statistical analyses were performed. Categorical variables were
analyzed by the chi-square test or Fisher’s exact test. The continuous variables were
compared by the Student’s t test or Wilcoxon’s rank sum test. A p value of less than
0.05 was considered to be statistically signiﬁcant. All statistical analyses were con-
ducted using the Statistics Package for Social Science software, version 12.0.Intraventricular
hemorrhage
20 (20%) 7 (16%) 13 (23%) 0.513
Intracerebral
hemorrhage
13 (13%) 9 (20%) 4 (7%) 0.096
Hydrocephalus 32 (32%) 16 (36%) 16 (29%) 0.54
Fisher grade 0.296
1 7 (7%) 5 (11%) 2 (4%)
2 11 (11%) 4 (9%) 7 (13%)
3 62 (62%) 28 (64%) 34 (61%)
4 20 (20%) 7 (16%) 13 (23%)
Hospital stay (day) 27.00  22.04 29.84  23.56 24.77  20.71 0.255
Follow-up duration
(month)
18.91  13.05 13.81  11.79 23.12  12.64 03. Results
The 100 patients (35 males and 65 females) with ruptured
anterior circulation cerebral aneurysms had a mean age of
57.48  12.68 years. The mean duration of follow-up was
18.91  13.05 months. Forty-four patients underwent surgical
clipping for cerebral aneurysms and 56 patients were treated by
endovascular coiling. The clinical characteristics of the clipping and
coiling groups are compared as below.
Differences in the gender (p ¼ 0.642) and mean age (p ¼ 0.704)
were not statistically signiﬁcant. The incidence of the presenting
symptoms in the 2 groups revealed no differences in the case of
headache (p ¼ 1), neck rigidity (p ¼ 0.052), nausea or vomiting
(p ¼ 0.097), seizure (p ¼ 1.000), or conscious change (p ¼ 0.705).
The prevalence of underlying diseases including hypertension,
diabetes mellitus, or stroke was similar between the clipping and
coiling subjects. As to admission GCS score, Hunt and Hess grade, or
WFNS grade, there was no statistical difference.
The features of the CT scans at admission showed no signiﬁcant
differences for the presence of subarachnoid hemorrhage
(p ¼ 1.000), intraventricular hemorrhage (p ¼ 0.953), intracerebral
hemorrhage (p ¼ 0.235), or acute hydrocephalus (p ¼ 0.54). Ac-
cording to the Fisher’s grade, the number of all patients with scores
1, 2, 3, and 4were 7,11, 62, and 20, respectively, and the distribution
in the clipping and coiling groups was similar (p ¼ 0.296). The
baseline clinical features and neuro-imaging ﬁndings of the two
groups are compared in Table 1.
Regarding the location of ruptured aneurysms, there were 38
anterior communicating arterial aneurysms, 24 posterior commu-
nicating arterial aneurysms, and 14 middle cerebral arterialaneurysms. Two patients had anterior cerebral arterial aneurysms
at A2 segment and twenty-two patients had aneurysms in the other
locations of intracranial internal cerebral arteries. Multiple aneu-
rysms (more than 2 locations) were identiﬁed in two patients. The
shape of ruptured aneurysms included: ninety-two saccular, seven
fusiform, and one dissecting types (Table 2).
The mean hospital stay was 29.84  23.56 days for patients
undergoing aneurysm clipping and 24.77  20.71 days for patients
undergoing aneurysm coiling (p ¼ 0.255). Among 100 patients,
thirty-one cases encountered neurological deteriorationwhich was
compatible with symptomatic vasospasm during the period of
hospitalization. Twenty-one cases had radiographic vasospasm that
was proved by the follow-up angiographs. The incidence of
symptomatic or radiographic vasospasmwas similar in the clipping
and coiling groups. There were 11 (25%) and 12 (21%) patients with
hydrocephalus requiring ventriculoperitoneal shunt insertion in
the clipping and coiling groups, respectively. Rebleeding of treated
aneurysms occurred in 2 patients among the clipping group and 4
patients among the coiling group (p¼ 0.692). Recurrence of treated
Table 3
Comparisons of clinical outcomes of patients undergoing clipping or coiling
treatment.
Total cases Clipping Coiling P value
N ¼ 100 N ¼ 44 N ¼ 56
Radiographic vasospasm 21 (21%) 8 (18%) 13 (23%) 0.714
Symptomatic vasospasm 31 (31%) 14 (32%) 17 (30%) 1
Rebleeding of treated aneurysm 6 (6%) 2 (5%) 4 (7%) 0.692
Recurrence of treated aneurysm 8 (8%) 1 (2%) 7 (13%) 0.075
Mortality at discharge 9 (9%) 3 (7%) 6 (11%) 0.727
Mortality at the end of follow-up 10 (10%) 4 (9%) 6 (11%) 1
Unfavorable outcome at discharge 40 (40%) 18 (41%) 22 (39%) 1
Unfavorable outcome at the end
of follow-up
33 (33%) 14 (32%) 15 (27%) 0.303
Table 2
Clinical data of clipped and coiled aneurysms.
Total cases Clipping Coiling
N ¼ 100 N ¼ 44 N ¼ 56
Location of aneurysm
Anterior communicating artery 38 (38%) 14 (32%) 24 (43%)
Anterior cerebral artery (A2) 2 (2%) 0 (0%) 2 (4%)
Posterior communicating artery 24 (24%) 12 (27%) 12 (21%)
Middle cerebral artery 14 (14%) 12 (27%) 2 (4%)
Internal carotid artery 22 (22%) 6 (14%) 16 (29%)
Shape of aneurysm
Saccular 92 (92%) 40 (91%) 52 (93%)
Fusiform 7 (7%) 3 (7%) 4 (7%)
Dissecting 1 (1%) 1 (2%) 0 (0%)
Number of aneurysm detected
Single 90 (90%) 41 (93%) 49 (88%)
Multiple 10 (10%) 3 (7%) 7 (13%)
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coiling aneurysms respectively (p ¼ 0.075). Overall mortality rate
after the treatment of aneurysms was 9% at discharge and 10% at
the end of follow up. There was no statistically signiﬁcant inter-
group difference in terms of mortality rate. The unfavorable
outcome at discharge or at the end of the follow-up was not
different between the clipping and coil groups (Table 3).
4. Discussion
Ruptured cerebral aneurysmwith SAH is a critical condition, and
poses a public health problem. Whether ruptured aneurysms
should be treated surgically, or managed endovascularly is a
complicated judgment. All the factors that support the treatment of
an aneurysm with either clipping or coiling are important for the
clinicians. In general, aneurysms in the posterior cerebral circula-
tion are frequentlymore difﬁcult to treat with surgery. Comparative
observational studies have found better outcomes after coil
embolization in these locations,7,8 and endovascular method has
become a widely accepted alternative treatment. However, in cases
with anterior circulation aneurysms, either method may be
appropriate, and the decision is inﬂuenced by difﬁcult-to-access
variables such as patient preference or operator availability or
expertise. As a result, the optimal management and outcome of
ruptured anterior circulation aneurysms is not easily determined.
The ISAT study demonstrated that, for the study population,
endovascular treatment resulted in patients suffering fewer poor
clinical outcomes at 1 year comparedwith patients who underwent
surgical clipping.5 The independent survival beneﬁt of coiling
continues for at least 7 years.9 Although the study assessed 9559
patients, only 2143 patients (22.4%) underwent randomization. The
high exclusion rate may have been a reﬂection of the fact that not
all aneurysms are suitable for coiling, rather than a selection bias
against coiling among participating neurosurgeons.10 In addition,
the outcome evaluation in the subgroups of patients with anterior
or posterior circulation aneurysms was not shown. Thus general-
izing the ﬁndings in ISAT study to all intracranial aneurysms is not
adequate.
The experience of a neurosurgeon and interventional radiologist
is an important factor of the outcomes of aneurysm treatment, and
better outcomes are presented when a high volume of procedures
is performed.11e13 Bardach et al. also reported better outcomes with
surgeons who performed more than 30 craniotomies for aneu-
rysms per year.14 Based on these ﬁndings, regionalization of care for
intracranial aneurysms is recommended, and the outcomes should
be examined individually. In this series, the unfavorable outcome
was 32% and 27% in clipping and coiling groups respectively, whichis close to the percentages reported in the literature.5 Our analysis
does not demonstrate the inter-group difference in the unfavorable
outcome of patients with ruptured anterior circulation aneurysms
after treatments.
The low incidence of total aneurysmal occlusion and recanali-
zation of aneurysm is one of the major limitations of endovascular
coiling. Henkes et al. demonstrated 1579 patients harboring 1811
aneurysms treated with endovascular coiling.15 Their initial occlu-
sion percentage in the group of 90e100 was ﬁnally achieved in
88.9% of cases with ruptured aneurysms. Generally, partial occlu-
sion (50e90%) may provide some hemodynamic effects, but oc-
clusion rate less than 50% is insufﬁcient for hemodynamic and
bleeding protection. In the report by Murayama et al., angio-
graphically demonstrated complete occlusionwas identiﬁed in 55%
of aneurysms and a neck remnant was displayed in 35.4% of le-
sions.16 Their overall recanalization ratewas up to 20.9%, which was
related to the size of the dome and neck of the aneurysm. In this
study, it is not surprising that the recurrent rate of anterior circu-
lation aneurysms was higher in coiled (13%) than in clipped groups
(2%). As a result, we suggest that follow-up angiography is
mandatory after embolization of ruptured anterior circulation an-
eurysms. Based on the American Heart Association Council, the
timing of ﬁrst post-coiling angiography should be performed one to
six months after intervention.17
Because technology improves and newer avenues of treatment
are introduced, there will be a continuing impetus toward less risky
treatments. However, changes in clinical practices are often the
result of gradual evolution rather than dramatic revolution. At
present time, surgical clipping for ruptured cerebral aneurysms still
cannot be replaced. For patients accompanied with high intracra-
nial pressure or intracerebral hemorrhage, immediate decom-
pression with deﬁnite treatment of aneurysms is required. Smaller
aneurysms have the risk of aneurysm perforation during emboli-
zation, and are better treated with surgical clipping. Furthermore,
the location of aneurysm is another one of the major factors in
determining the best treatment method. In this study, the results
demonstrate that the same neurological outcomes can be achieved
in patients with ruptured anterior circulation lesions by use of
surgical or endovascular modalities. As a result, for daily clinical
practice and decision making, we suggested that coiling and clip-
ping are to be considered equivalent in this population.
This study has several potential limitations. It was a retrospec-
tive review of preexisting data and suffers from the inherent limi-
tations of such studies. Speciﬁcally, data collection through chart
and imaging reviews is less complete and accurate than is planned
research. Variations in the assessment of neurological status ac-
count for the observed differences in results. From a statistical
standpoint, the number of patients is still relatively small, and the
study may be underpowered to detect the signiﬁcance of inter-
group difference. In addition, the ﬁndings reﬂect the experience
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representative of all patients with ruptured anterior circulation
aneurysms in other institutes. Even with these issues in the pre-
liminary analysis, we consider that these data are useful as clinical
decision and prognostic information for clinicians and families.5. Conclusions
Our current study ﬁnds no difference in neurological outcomes
between patients undergoing clipping as compared with coiling
for ruptured anterior circulation aneurysms. The results provide
helpful information when discussing projected outcome before
surgical or endovascular management, and consistent assessment
of the therapeutic results are important to offer evolving treatment
options.
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